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[57] ABSTRACT 

A microfluidic analyzer module. The module is constructed 
of a plurality of channel forming laminate layers that are 
directly bonded together without adhesive or other possible 
contaminant source located proximate the flow channels. 
The channel forming laminate layers define a network of 
fluid flow channels. A valve containing layer is directly, 
adhesivelessly bonded over the channel containing layers. A 
flexible valve member integral with the valve layer opens 
and closes communicalion between feed and sensor chan- 
nels of the channel network. 
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MICROFLUIDIC ANALYZER MODULE 
FIELD OF THE INVENTION 

The present application is directed to a fluid flow module 
that allows for analyte sample flow therethrough while 
providing a situs for the location of a sensing element or 
elements therein to detect analyte presence and/or concen- 
tration. The module is designed for microfiuidic flow rates 
and volumes and can be discarded after use with simple 
replacement by another module. 

BACKGROUND OF THE INVENTION 

Microfiuidic analyzers have been used to sense a plurality 
of analytes in whole blood, diluted blood, plasma or serum. 
Additionally in the rapidly growing fields of cell culture 
growth and fermentation, it is often necessary to measure 
glucose, glulamine, lactate, NH 3, phosphate and iron in 
micro-scale fluid flow analysis systems. 

Due to the scarce and often expensive nature of the fluid 
medium containing the analyte, it is imperative that the fluid 
medium should be conserved with only the smallest amounts 
used for the analysis. Also, the emphasis toward in-situ 
measurement of biological fluids such as cell culture media 
dictates that the analytical equipment should not only be 
small in size, but component parts of the analytical system 
should also be designed for easy removal from the system 
and rapid replacement of a new component part to the 
system so that cleanliness of the component can be accu- 
rately controlled without interruption in the monitoring 
effort. Moreover, such a component or assembly itself 
should be as free from contamination itself as possible. 

There are several additional reasons why the measure- 
ment of sterile biological fluids benefit from the use of a 
disposable microfiuidic; for the measurement of sterile fluids 
the measurement system should be enclosed, i.e. all wetted 
parts should be sealed so that they may be sterilized and 
remain that way during monitoring. If the entire fluidic 
system (including sensor, reagents and waste) is to be 
enclosed then economics dictate that it should be small, 
preferably very small. 

Another aspect of the micro approach responds to the 
above-noted need to consume only small amounts of 
samples. If small amounts of sample are withdrawn for 
analysis then small conduits are needed to convey the 
sample to the analyzer in order to deliver a timely result. 
This can be accomplished in two ways: first the conduit 
should be small in diameter, secondly it should be as short 
as possible. The best way to keep the sample conduit short 
is to move the analyzer to the sample. The only practical way 
to accomplish this is to develop the analyzer and conduit on 
a micro scale. 

SUMMARY OF THE INVENTION 

The present invention is therefore directed to an easily 
assembled and manufactured microfiuidic analyzer module 
that is adapted for easy interchangeability with a previously 
utilized module so that, if desired, the technician or scientist 
can disconnect the module and easily replace it with another. 
Additionally, the module itself is constructed of a plurality 
of directly bonded polymer layers in a sandwich laminate 
structure wherein the interfacial surface areas of the lami- 
nate have been etched or otherwise formed into a network of 
communicating microflow channels. Typically, the channels 
are trough-like recesses adapted for microfluid flow therein 
and may have widths of about 0.001-0.015" with channel 
depths being about 0.0005-0.015". 
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The module is preferably constructed of thin polymeric, 
laminate layers that are bonded together to form the laminate 
without the use of adhesives or glues that are normally used 
in adhesive bonding of laminate layers. This fact is espe- 
5 daily important in critical analytical operations. Quite 
obviously, the presence of undesired contaminant 
molecules, especially those proximate the fluid containing 
channels, interferes with accuracy of the analytical determi- 
nation. 

1° The use of adhesives, because of the reduced scale 
involved, also compromises geometry. Adhesives, if liquid, 
tend to flow into channels, if dry, they tend not to be 
patteraable which means that they can be mis-registered, 
which leads to voids along the channel or sensor cavities. 

15 These voids are "dead" volumes which destroy the desirable 
properties of the flow channel and make the behavior of the 
system less reproducible from system to system. 

Further, the individual layers of the laminate can be 
subjected to high resolution microlithographic etching or 

20 other high resolution etching methods. When these layers 
are contiguously placed and bonded to each other in a 
sandwich construction they define a network of small or 
micro dimensioned channels with certain channel portions 
formed in a surface area of one laminate layer and other 

25 channel portions formed in the contiguous surface area of an 
adjacent laminate layer. 

A thin, polymeric valve layer is also provided as part of 
the laminate structure. The valve layer is securely bonded 
over the sandwich construction over all surface areas except 

30 those in which valving action must occur. That is, in those 
areas of the sandwich in which valving action is needed to 
selectively block or open communication between channels 
of the network, an overlying flexible polymer valve is 
provided with flexing of the polymer valve against the 

35 underlying laminate layer surface functioning to open or 
block channel communication. 

In accordance with the invention, complex three dimen- 
sional structures can be constructed from layers, with the 

40 benefit that each layer can be treated as a planar, two 
dimensional, entity. This is significant because of the exten- 
sive capabilities which have been developed which support 
the micromachining of planar substrates. The ability to build 
these layers into three dimensional structures requires not 

AS only bondability but the use of techniques of registration and 
bonding which preserve the integrity of the micro features 
themselves. 

The materials used to form the module are inert, micro- 
machinable, bondable and dimensionally stable. 
50 Additionally, metal layers may be readily provided over 
these materials. This is an important consideration in regard 
to the desirable integration of sensor and fluidic. 

The invention will be further described in conjunction 
with the appended drawings and following detailed descrip- 
55 tion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. LAis a plan view of a microfiuidic analyzer module 

in accordance with the invention; 
60 FIG. IB is a sectional view of the microfiuidic analyzer 

module shown in FIG. 1A taken along the plane represented 

by the lines and arrows IB — IB thereof; 

FIG. 1C is a sectional view of the microfiuidic analyzer 

module similar to that shown in FIG. IB, but here showing 
65 positioning of the valve member in the open position to 

allow communication between certain channels of the fluid 

network; 
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FIG. 2 is a sectional view of the microfhiidic analyzer in communication with the conduit will selectively apply 

module taken along the plane represented by the lines and negative or positive pressure to the conduit thereby opening 

arrows 2 — 2 of FIG. IB; and closing the valve 22. In other words, valve 22 in its open 

FIG. 3 is a sectional view taken along the plane repre- position will flex so that it will be arched upwardly in the 

sented by the lines and arrows 3—3 of FIG. IB; 5 concavity 12 (see FIG. 1C) thereby allowing fluid commu- 

, , • _ .„ . ,,. „, „ f „ _„_• „- E ,n i nication between the inlet channel 24 and valve egress 

FIG. 3A is a magnified view or a portion ot Flu. 3 , _ , , . , . ■- _■ 

...... .f. c .. . . • ■ ,. channel 26. Converse y, when positive pressure is applied 

showing the disposition of the sensor electrodes in the , . , . . , h „ y K . 

. ° . . through the conduit 30, the valve 22 will return to a position 

. wherein it is contiguous with the top surface of upper 

FIG. 4 is a diagrammatical section view of another 1Q j layer 4 (FIG 1B)> there5y closing commU nication 

microfluidic Bow analyzer module taken through a plane between ^ jnle , u and s channd 2g 

represented by the valve layer thereof which valve layer is , „ , . - ,. ., „ .. 

* j ■ •■ , . .u , , j- •.■ u • In the preferred method of operation, the fluid pressure 

disposed similarly to the valve layer disposition shown in .„ r , _ . r 

FIG IB - W G ' >Cn va l ye ' ' n lnis wa y instantaneous negative 

pressure is not applied to the channel fluid which can cause 

FIG. 5 is a schematic view of a press bonding autoclave 15 degassi[1 g and , he crca |jon of bubbles. Bubbles are of course 

that may be used in accordance with the invention to very undesirab le in a microfluidic due to the surface tension 

pressure bond layers of the microfluidic analyzer module; of lhc bubbk and lhe channel wall and the rcS ulting increase 

an ^ in the resistance to channel flow. 

FIG. 6 is a plan view of a platen that may be used to It is noted , ha , the interfacial areas defining boundaries 

pressure bond the valve layer over the channel containing 20 between the upper polymer layer 4 and lower polymer layer 

layers of the microfluidic analyzer module. 6 are d i rectly bonded together without any adhesive. Also, 

the polymer valve layer 8 is directly bonded to the upper 
layer 4 without an adhesive means in all of those interfacial 
regions between layers 4 and 8 save for the valve areas 22. 

Turning now to FIGS. 1A and B of the drawings, there is 25 Accordingly, considerable flex and stretch remains in the 

shown a microfluidic analyzer module 2 of the present valve area 22 so that the flexible polymer in this area may 

invention comprising an upper polymer layer 4 superposed be free to flex upwardly toward the vaulted concavity L2 to 

over lower polymer layer 6. As shall be explained later, the open the valve and thereby provide communication between 

layers 4 and 6 are channel bearing layers in that they will be inlet 24 and egress channel 26. 

etched or otherwise provided with channels or portions of 30 Turning now to FIG. 2, there is shown lower polymer 

channels therein. Upon mating of the layers 4, 6 in layer 6 and inlet channel 14 formed therein. Inlet channel 14 

superposition, a channel network is formed. A polymeric communicates respectively with calibrant branch feed chan- 

valve layer 8 is disposed on top of the layer 4 so as to nel 16, buffer feed branch channel 18, and analyte branch 

selectively open and shut fluid ingress and egress channels feed channel 20. Sensor channel 28 is in communication 

to allow fluid flow therebetween and through the module. 35 with valve egress channel 26. 

As shown, lower polymer layer 6 is provided with an inlet Turning now to FIG. 3, sensor channel 28 is provided in 
channel 14 therein which, may be formed by suitable the lower surface of upper polymer layer 4 and upper surface 
methods such as micrclithographic etching techniques of layer 6. As shown in the drawing, the fluid to be analyzed 
including wet, plasma, laser or e-beam etching or the like. 40 passes from left to right and is in fluid flow contact with 
Additionally, the channels may be formed via mechanical reference electrode 50, working electrode 52, and counter- 
methods such as milling, scribing or high pressure particle electrode 54, which are formed along the sensor channel. As 
stream methods. The inlet channel 14 comprises respective the fluid flows from left to right and passes over the 
feed channels 16, 18, 20, in this case provided for feed of electrodes, it flows to outlet conduit 56 and into tank 58. The 
calibrant, buffer and analyte solutions to the inlet channel 14 4J outlet conduit 56 can be connected to channel 28 via snap or 
of the analyzer module. other quick connect mechanism to facilitate easy removal 

Upper polymer layer is provided with inlet channel 24 and replacement of the module 2. 

which is partially positioned over channel 14. This channel As may best be seen in the magnified view, FIG. 3A, the 

communicates with perpendicularly disposed inlet channel electrodes are positioned on a plateau region 150 correspon- 

24 which extends perpendicularly through the layer 4 and is 50 dong to the top surface of lower layer 6 within the sensor 

positioned adjacent valve egress channel 26 which, in turn channel 28. This is accomplished by allowing a half-channel 

communicates with sensor channel 28. The lower portion of step in the sensor channel in the region of the electrodes, 

channel 28 is formed in the lower polymer layer. It is to be remembered that although a specific electrode 

Fluid flow between the inlet channel 24 and valve egress structure is shown in FIG. 3, other sensors could similarly be 

channel 26 is selectively controlled via movement of valve 55 employed to contact the fluid flowing through the sensor 

member 22 which is an integral part of valve layer 8. The channel. In this regard, other electrochemical or even optical 

valve 22 surrounds the area adjacent the bores communi- sensors may be suitably disposed within sensor channel 28, 

eating with inlet and egress channels 24, 26 respectively, in order to sense the presence or concentration of an analyte, 

which bores are perpendicularly disposed with regard to and all within the ambit of the present invention, 

terminate in the lop planar surface of upper polymer layer 4. so Turning now to FIG. 4, there is shown a sectional view of 

A valve support layer 10 constructed of rigid plastic such as another microfluidic flow analyzer module in which a plu- 

polyethylene, polypropylene, polycarbonate or polyphenyl- rality of fluid flow cells are provided. Each cell is defined as 

sulfone is provided on top of the upper polymer layer 4. The including feed channel means, sensor channel means, and a 

valve support layer 10 includes a vaulted concavity 12 valve for selectively blocking or allowing communication 

which is positioned directly on top of the valve 22. 65 between the feed and sensor channels. The embodiment 

In one possible mode of operation a valve actuation shown in Figs. 1A-3 depicts a microfluidic flow analyzer 

conduit 30 is provided so that pneumatic or hydraulic fluid module having one cell. However, in many commercial 
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applications it will be desirable lo provide a multi-cell 
module so that, for example, each cell may provide for 
analysis of a different analyte. Here, valve layer 8 includes 
valve areas 22a, b, and c. Underlying each area 22a, b or c 
are a pair of perpendicularly extending inlet and egress 5 
channel means similar to the members 24, 26 shown in FIG. 
1. Each of these members terminates in a bore in the planar 
top surface of upper polymer layer 4. Additionally, in FIG. 
4, feed conduit means have been shown for each cell and 
include calibrant conduits 32a, b, c, , buffer conduits 34a, b, to 
c, and analyte conduits 36a, b, c each with its associated 
pump, valve and reservoir. Additionally, three outlet con- 
duits 56a, b, and c are shown, each one associated with one 
of the cells. A microfluidic flow analyzer module in accor- 
dance with the invention may contain a multiplicity of feed 15 
and sensor channels with each cell performing one or a 
variety of analyte sensing functions. 

For each cell shown in FIG. 4, the feed channel 14 thereof 
is provided with feed conduits 32a, b or c, 34a b, or c, 36s, 
b or c. These conduits are snap or otherwise matingly 20 
engaged with respective branch feed channels 16, 18, 20 
(such as those shown in FIG. 1A) so that the module 2 can 
be readily disconnected from the analytical system and 
replaced with another module 2. For each of the feed 
conduits 32a, b or c, 34a, b or c, 36a, b or c, pumps P are 25 
provided and may be operated for example by solenoid 
actuation through microprocessor control. The pumps 
include well known peristaltic pumps that are designed lo 
pump a metered quantity of fluid from the reservoir R 
connected to the pumps P by valving mechanisms V. 30 
Additionally, each of the sensor channels 28 (see FIG. 3) are 
operalively connected to an outlet conduit 56a, b, or c via 
quick connect fittings. Again, this facilitates rapid replace- 
ment of one module 2 with another. 

Although external pumps, valves and resevoirs are shown 35 
in the drawings and described hereinabove for purposes of 
clarity and simplification, it is thought that virtually all 
micro fluid handling processes can be accomodated within 
the confines of the planar interfacial surfaces of the layers 4, 
6 or 4, 8. It is presently envisioned that pressurized fluid 
resevoirs will be used in conjunction with restrictive mem- 
branes to accomplish the desired reagent microflow. 

As indicated above, any sensing means may be utilized 
and substituted for the electrodes 50, 52, 54. The only 4J 
criterion is that the sensor, including electrochemical and 
optical sensors, should be capable of measuring the aDalyte 
as it flows past the sensing element in the sensor channel of 
the microfluidic flow analyzer module. 

Additionally, multiple analysis can be conducted in one 50 
channel by in-line series disposition of multiple sensor 
elements along the channel. In those cases in which elec- 
trodes such as those 50, 52, 54 are shown, they may be 
deposited on the plateau region 150 of the sensor channel by 
photo patterning, screen printing, ink jet, or micro-syringe 55 
type methods. Further, the electrodes could be covered by 
one or more enzyme containing membranes and interference 
rejection membranes if desired. In the case in which 
enzymes or other sensing elements arc to be disposed 
adjacent the electrode, these can be immobilized in a poly- jo 
meric medium. The polymeric medium may be electropo- 
lymerized over the electrode by, for example, the methods 
reported in U.S. Pat. Nos. 5,540,828 and 5,286,364 to 
Yacynych. 

The microfluidic flow analyzer module in accordance 65 
with the invention can be utilized in conjunction with a 
plurality of different sensing methods including electro- 
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chemical amperometric, potentiometric, or conductimetric 
methods. Additionally, optical sensors can be utilized in 
conjunction with the invention although the primary concern 
is to provide an amperometric glucose sensor for fermenta- 
tion and cell culture media. Additionally, other analytes such 
as glutamine, lactate, and ammonia can be sensed using the 
modules of the invention. 

In the specific embodiment shown herein in FIGS. 1A-3, 
the auxiliary electrode may comprise platinum that is depos- 
ited via sputter coating, e beam evaporation or other meth- 
ods. The working electrode will comprise platinum, depos- 
ited as stated above, and this electrode may be covered with 
an enzyme containing a laminated structure of the type 
known in the art. Finally, the reference electrode may 
comprise a platinum base over which a silver plated film is 
formed followed by a chloridizing treatment to form a 
silver/silver chloride reference electrode. 

The feed and sensing channels formed in the upper and 
lower polymer layers of the analyzer module may be formed 
in the requisite surface portions of the upper and lower 
polymer layers by etching via photo developed micro- 
lithographic patterns. For example, a suitable photo resist 
will be applied to the substrate and then the surface of the 
substrate will be aligned with a mask followed by exposure 
to, for example, UV radiation. The etching of the polymer 
coating and developing of the photoresist can be accom- 
plished in one step with a dilute aqueous alkaline solution 
when a positive photoresist is used. Typical etchants are 
dilute solutions of NaOH, KOH, tetra-alkafi ammonium 
hydroxide, etc. The surface is then neutralized and rinsed for 
example with immersion in acidic acid followed by rinsing 
in DI water. The photoresist can be stripped with solvents 
such as acetone, butyl acetate or higher acetates. The skilled 
artisan will be able to fashion whether a positive photoresist 
or a negative resist should be used and the particular types 
of photo resists that can be applied. Also, etching of the 
desired pattern may be accomplished via normal high reso- 
lution techniques including electron beam, laser or ion beam 
etching. 

The polyimides are preferred for use as the layers 4, 6, and 
8. These polymers are available commercially in thin film 
form with desirable film thicknesses being on the order of 
about 1-30 mils. So that the films may be bonded without 
application of adhesives and the like between layers, it is 
most desirable to employ bondable polyimides as the layers 
4, 6, and 8. Suitable adhesiveless directly bondable polyim- 
ides are reported in U.S. Pat. No. 5,525,405 (Coverdall el 
al.). The disclosure of this patent is incorporated by refer- 
ence herein. 

As is reported in the '405 patent, multiple polyimide film 
layers may be superimposed on and directly bonded to each 
other without use of an adhesive. These directly bondable 
polyimides are aromatic polyimides containing from about 
400-10,000 parts of an inorganic bonding enhancing agent 
such as Sn. The films comprise the polymerization- 
imidizalion product of an aromatic tetracarboxylic dianhy- 
dride component and an aromatic diamine component. 

The aromatic polyimides are commonly prepared via 
reaction of an aromatic dianhydride and an aromatic diamine 
in an organic solvent medium. This results in formation of 
a soluble polyamic acid. This reaction normally proceeds at 
room temperature and is slightly exothermic. The polyamic 
acid precursors are converted to polyimides by dehydration, 
using heat or reagents such acetic anhydride or pyridine. 

The most popular commercially available polyimide films 
are formed by the condensation reaction of pyromellitic 
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diaDhydride (PMDA) and oxydianiline (ODA). The reaction ferred solvents include the lower molecular weight members 



is illustrated in the following scheme: 



of such carboxy lamides, particularly N,N- 




NHj- 



(PMDA) 





(ODA) 



NH 2 



o o 

Polyamic acid 




o o 

Folyunide 



Ar = oxdianiline (i.e. 4,4'-diamuiodiphenyl ether) 



35 



As is stated in the '405 patent a host of other aromatic 
dianhydrides and aromatic diamines can be used. Suitable 
dianhydrides for use in the polyimide films include: pyrom- 
ellitic dianhydride; 2,3,6,7-napthalene tetracarboxylic dian- 30 
hydride; 3,3',4,4'-biphenyl tetracarboxylic dianhydride; .1,2, 
5,6-napthalene tetracarboxylic dianhydride; 2,2',3,3'- 
biphenyl tetracarboxylic dianhydride; 3, 3', 4,4'- 
benzophenone tetracarboxylic dianhydride; 2,2-bis(3,4- 
dicarboxyphenyl) propane dianhydride; 3,4,9,10- 
perylenetetracarboxylic dianhydride; l,l-bis(2,3- 
dicarboxyphenyl) ethane dianhydride; l,l-bis(3,4- 
dicarboxyphenyl) ethane dianhydride; bis(2,3- 
dicarboxyphenyl) methane dianhydride; bis(3,4- 
dicarboxyphenyl) methane dianhydride; oxydiphthalic 40 
dianhydride; bis(3,4-dicarboxyphenyi) sulfone dianhydride; 
and the like. 

Suitable aromatic diamines for use in the polyimide films 
include: 4,4'-diaminodiphenyl propane; 4,4'-diamino- 
diphenyl methane; benzidine; 3,4'-dichlorobenzidine; 4,4'- 
diaminodiphenyl sulfide; 3,4'-diaminodiphenyl sulfone; 
3,4'-diaminodiphenyl sulfone; 4,4'-diaminodiphenyl ether; 
3,4'-diaminodiphenyl ether; 1,5-diaminonaphthalene; 4,4'- 
diaminodiphenyl ethyl phosphine oxide; 4,4'- 
diaminodiphenyl N-methyl amine; 4,4'-diaminodiphenyl 
N-phenylamine; 1,4-diaminobenzene (p-phenylene 
diamine); 1,3-diaminobenzene; 1,2-diaminobenzene; and 
the like. 

As mentioned in the '405 patent, copolyimides can also be 
prepared from the above precursors. Specifically mentioned 
are copolyimides derived from 15-85 mole % biphenyltet- 
racarboxylic dianhydride, 15-85 mole % pyromellitic 
dianhydride, 30-10 mole % p-phenylenedramine and from 
0-70 mole % 4,4'-diaminodiphenyl ether. The following 
copolymer is mentioned as preferred: 

30 mole % pyromellitic dianhydride 

20 mole % 3,3',4,4'biphenyltetracarboxylic dianhydride 

30 mole % p-phenylene diamine 

20 mole % 44'-diaminodiphenyl ether 

The '405 patent indicates that the organic solvents include 
normally liquid N, N-dialkylcarboxylamides, generally. Pre- 
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dimethylformamide and N,N-dimethylacetamide. Other sol- 
vents which may be used dimethylsulfoxide, N-methyl-2- 
pyrrolidone, tetramethyl urea, dimethylsulfone, 
hexamethylphosphoramide, tetramethylene sulfone, and the 
like. The amount of solvent used preferably ranges from 75 
to 90 weight % of the poly(amid acid), since this concen- 
tration has been found to give optimum molecular weight. 

The solvated poly (amic) acid is further condensed to 
form the desired polyimide via heating at temperatures 
ranging from about 50° C. initially, followed by higher 
temperature heating of about 350-400° C. to result in almost 
complete condensation of the polyamic acid intermediate to 
the imide form. 

So as to enhance the adhesive-less bonding properties of 
the films a metallic bond enhancing agent such as Sn is 
added to the polyimide during the polymerization or film 
forming process. As reported in the *405 patent, Sn in the 
amount of about 400-10,000 ppm has proven effective, 
Reputedly, the preferred amount of Sn ranges from 1,000-4, 

000 ppm with the most preferred amount being about 
1,200-3,500 ppm. Tin can be added as an organotin com- 
pound as described in U.S. Pat. No. 5,272,194 or a Sn* 2 or 
Sn* 4 salt as specified in U.S. Pat. No. 5,218,034. Bis- 
tributyltinoxide is mentioned as a preferred organotin com- 
pound. 

In accordance with the invention, the layers 4, and 6 of the 
microfluidic flow analyzer module are preferably composed 
of DuPont®XNA™ Kapton® polyimide film. This is avail- 
able and advertised as an adhesiveless, self-bondable film. 
The preferred film thickness is 5 mils. 

With regard to the valve layer 8 in accordance with the 
invention, preliminary investigation has indicated that this 
can be composed of DuPont's Kapton® KJ thermoplastic 
polyimide film. The preferred thickness for this film is about 

1 mil. 

After the layers 4 and 6 have been purchased or prepared, 
the lower surface of layer 4 and top surface of layer 6 are 
etched in accordance with conventional techniques, as staled 
above, to provide the required pattern which will correspond 
to the sensor and feed channels in the finished microfluidic 
flow analyzer module. The perpendicularly arranged (i.e. 
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with respect to the surface plane) channels 24, 26 can be 
inserted via conventional techniques including wet, plasma, 
E-beam, laser drilling or similar operations. The sensor 
means, such as electrodes, etc. can be placed along one of 
the layer surfaces defining a portion of the sensor channel 
28. The layers 4, 6 are then placed in superposed relation 
with the etched surfaces thereof in mating, interfacial 
engagement to define the fluid flow channels needed for 
fluid inlet and outlet from the feed channel through the 
sensor channel. 

As illustrated diagrammatically in FIG. 5, the layers 4, 6 
are then placed in a vacuum autoclave 100 or similar hot 
press apparatus. As shown, upper platen 102 is placed on top 
of the layers 4,6 in the autoclave with lower platen 104 on 
the bottom. The platens may be hydraulically driven 
together to form a pressure nip on the layers 4, 6. 

The bonding operation may, be carried out in the auto- 
clave at temperatures of around 350-455° C. at pressures of 
about 24-690 bar for a period of about 5 minutes to three 
hours. Preferably, the heat-press bonding operation is carried 
out under vacuum of less than 760 mm Hg. In this manner 
the sandwich construction providing the channel bearing 
layers 4, 6 is formed. 

After the sandwich construction of layers 4, and 6 is 
provided, the valve layer 8 can be laminated over the lop of 
the sandwich construction, again in a vacuum autoclave as 
shown in FIG. 5 or in another hot press. Here, bonding to the 
sandwich is normally carried out at about 275-350° C. at 
about 200 psi under vacuum conditions. 

Notably, when bonding the layer 8 to the sandwich 
assembly 4, 6, relief areas or apertures 122 are provided at 
least in the top platen 102 (as is depicted in FIG. 6). This 
platen (as well as the platens used in forming the original 
sandwich) has length and width dimensions that roughly 
match the dimensions of the layers 4,6, 8. However, during 
the bonding of the valve layer 8 to the sandwich, the relief 
areas 122 overlie the valve areas 22 that will appear in the 
finished module. During the pressing operation, less pres- 
sure will be exerted on the laminate in the areas 122 than 
along the other laminate areas under the solid portions of the 
platen. Accordingly, the layer 8 in those areas will not 
readily bond to layer 4 in the valve areas. The layer 8 in 
those areas will remain moveable and flexible so that it will 
perform as a valve that upon actuation will selectively open 
and close communication between inlet channel 24 and 
valve egress channel 26. Additionally, the relief areas may 
be provided with vents so as to prevent build up of gas 
pressure from outgass products. 

After the laminate consisting of layers 4, 6, and 8 is 
provided, the valve support layer 10 is bonded thereover by 
conventional means such as by use of a dry sheet adhesive 
or heat bonding of thin elastomer sheet in a liquid solvent 
medium. The microfluidic analyzer module comprising lay- 
ers 4, 6, 8 and 10 can then, if desired, be mounted on a base 
or other mounting mechanism ready for insertion as a 
component of a fluid analysis system. The base may be 
attached/sealed to the module 2 using conventional means 
such as self-sticking double sided adhesive, heat-bondable 
sheet adhesive or through the use of an elastomeric gasket 
seal in combination with a glue or solvent applied to the 
erimeter of the rigid base and receiving structure. 

The preceding description and accompanying drawings 
are intended to be illustrative of the invention and not 
limited. Various other modifications and applications will be 
apparent to one skilled in the art without departing from the 
true spirit and scope of the invention as defined by the 
following claims. 
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What is claimed is: 

1. A microfluidic analyzer module comprising: 
(a) a first sheet of an adhesiveless self-bondable polyim- 
ide having a top surface and a bottom surface; 

5 (b) a second sheet of an adhesiveless self-bondable poly- 
imide having a top surface and a bottom surface, said 
first and second polyimide sheets being in superposed 
relation with said bottom surface of said first sheet of 
polyimide facing said top surface of said second sheet 

10 of polyimide, said sheets being directly bonded 
together at the interface of the sheets without an 
adhesive; and 

(c) at least one fluid flow channel at the interface of said 
first sheet and said second sheet. 
15 2. A microfluidic analyzer module as recited in claim 1 
wherein said polyimide of said first sheet and said second 
sheet contains an organotin compound. 

3. A microfluidic module as recited in claim 1 wherein 
said flow channels comprise a feed channel and a sensor 

20 channel, said module further comprising valve means opera- 
tively associated with said feed channel and said sensor 
channel for selectively opening and closing communication 
between said feed channel and said sensing channel, and a 
sensing element disposed in said sensor channel to detect the 

25 presence or concentration of an analyte in said sensor 
channel. 

4. A microfluidic analyzer module as recited in claim 3 
wherein said feed channel comprises a feed channel bore 
extending upwardly through said first sheet of polyimide and 

J0 terminating in said top surface of said first sheet of 
polyimide, said sensor channel comprising a sensor channel 
bore extending upwardly through said first sheet of polyim- 
ide and terminating in said top surface of said first sheel of 
polyimide proximate said feed channel bore, said valve 

35 means comprising a flexible material positioned over said 
feed channel bore and said sensor channel bore, actuation 
means connected to said valve means for pressing said 
flexible material over said feed channel bore and said sensor 
' channel bore to block communication therebetween and for 

40 relaxing said flexible material in spaced relation over said 
top surface of said first sheet of polyimide for opening 
communication therebetween. 

5. A microfluidic analyzer module as recited in claim 4 
wherein said sensing element comprises an optical sensing 

45 element. 

6. A microfluidic analyzer module as recited in claim 4 
wherein said sensing element comprises an electrochemical 
sensing element. 

7. A microfluidic analyzer module as recited in claim 6 
50 wherein said electrochemical sensing element comprises an 

electrode. 

8. A laminated microfluidic analyzer module comprising 
first, second and third layers of polymeric materials, said 
first and second layers being interfacing layers of adhesive- 

55 less self-bondable polyimide polymer which are directly 
bonded together without adhesive to form a structure having 
a top surface and a bottom surface, said structure having a 
fluid flow channel formed at the interface of said layers, said 
fluid flow channel being in communication with said top 

60 surface of said structure, a portion of said top surface being 
in operative association with said fluid flow channel and 
constituting a valve region, said third layer of polymeric 
material superposed over said top surface of said structure 
overlying said valve region, the portion of said third poly- 

65 meric material overlying said valve region constituting a 
valve, said third layer of polymeric material being flexible 
and being bonded over said top surface of said structure 
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except at said valve region, said third layer of polymeric 
material retaining its flexibility at said valve region, and a 
valve actuator operatively associated with said third layer of 
polymeric material at said valve region for selectively 
flexing said third layer and thereby closing and opening said 5 
valve. 

9. A laminated microfluidic analyzer module as recited in 
claim 8 wherein the polyimide of said first and second layers 
contains an organotin compound. 

10. Laminated microfluidic analyzer module as recited in to 
claim 8 further including a fourth layer overlying said third 
layer, said fourth layer comprising a concave surface portion 
overlying said valve in said third layer. 

11. Laminated microfluidic analyzer module as recited in 
claim 10 wherein said valve actuator comprises a pressure 15 
source communicating with said concave surface portion. 

12. A laminated microfluidic module as recited in claim 8 
wherein said module includes a feed channel, a sensor 
channel, and valve means operatively associated with said 
feed-channel and said sensor channel for selectively opening 
and closing communication between said feed channel and 
said sensor channel, and a sensor disposed in said sensor 
channel to detect the presence or concentration of an analyte 
in said sensor channel. 
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13. A laminated microfluidic analyzer module as recited 
in claim 12 wherein said feed channel includes a feed 
channel bore extending upwardly through said first sheet of 
polyimide and terminating in said top surface of said first 
sheet of polyimide, said sensor channel includes a sensor 
channel bore extending upwardly through said first sheet of 
polyimide and terminating in said top surface of said first 
sheet of polyimide proximate said feed channel bore, said 
valve means includes a flexible material positioned over said 
feed channel bore and said sensor channel bore, actuation 
means connected to said valve means for pressing said 
flexible material over said feed channel bore and said sensor 
channel bore to block communication therebetween and for 
relaxing said flexible material in spaced relation over said 
top surface of said first sheet of polyimide for opening 
communication therebetween. 

14. A laminated microfluidic analyzer module as recited 
in claim 13 wherein said sensor is an optical sensor. 

15. A laminated microfluidic analyzer module as recited 
in claim 13 wherein said sensor is an electrochemical sensor. 

16. A laminated microfluidic analyzer module as recited 
in claim IS wherein said electrochemical sensor includes an 
electrode. 

***** 
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